Patients undergoing total hip and knee replacement surgeries are mostly obese, more than fifty years of age, having arthritic joints with osteophytic spine, narrowed intervertebral spaces, indistinct anatomical landmarks and spine deformities. Variable epidural space and suboptimal position adds to the difficult access to epidural space leading to multiple attempts. Failure to identify the epidural space can be hazardous for the patient leading to inadvertent dural puncture
INTRODUCTION
Joint replacement surgeries of hip and knee joint are one of the common orthopaedic surgeries nowadays. [1] Combined Spinal Epidural Anaesthesia (CSEA) using blind conventional single segment needle through needle technique is the most widely accepted regional anaesthetic technique. [2] and other complications. [3, 4] Methods should thus be adopted to reduce the technical difficulty in these patients so as to prevent procedural complications and patient discomfort. Nasser et al. demonstrated the use of preprocedural ultrasound for epidural catheterisation in obstetric population. [5] To the best of our knowledge, utility of preprocedural ultrasound use for epidural catheterisation is not yet demonstrated in patients with osteophytic spines posted for joint replacement surgeries.
The aim of the study was to compare the utility of the preprocedural use of an ultrasound with the conventional blind technique for the epidural neuraxial block in obese patients with osteophytic spines undergoing orthopaedic joint replacement surgeries in terms of technical difficulty, clinical efficacy, safety and patient comfort.
METHODS
This prospective, randomised controlled study was conducted from August 2016 to March 2017 in tertiary research institute after approval by the Ethical Committee (TS/MSSH/BMDRC/ANESTH/IEC16-02) (14 june 2016) [CTRI/2017/07/009137]. The study was performed according to the principles of the Declaration of Helsinki. Participants were eligible for inclusion if they were more than 50 years of age with Body Mass Index (BMI) ≥30 kg/m 2 and American Society of Anesthesiologists (ASA) physical grade I-III undergoing joint replacement surgeries. We prospectively recruited 210 consenting patients as per inclusion criteria after 40 pilot cases. Patients with known hypersensitivity to local anaesthetics or contraindication of neuraxial blockade were excluded from the study. After screening patients for eligibility, they were given an information sheet detailing the purpose, benefits and risks of the study [ Figure 1 ].
After obtaining informed consent, demographic variables including age, gender, weight, BMI of patients were noted. Preoperatively, the ease of palpation of the spine surface landmarks on 4 grade scale (grade 1-easy, grade 2 -moderate, grade 3-difficult and grade 4 -impossible) and lumbar spine X-ray findings (osteophytes, reduced intervertebral spaces and ligament calcification) were also noted for all the patients.
After confirming nil per oral status, patients were taken to operation threatre. In the operation theatre, after securing intravenous line and applying standard ASA monitors, patients were positioned in the sitting arched back position. Then, they were randomised by computer generated random sequence programme at random.org. and allocated by sealed envelopes to either receive preprocedural ultrasound scan (Ultrasound group) ("B") or not to receive ultrasound scan (Control group) ("A"). In both the groups ("A" and "B"), under all aseptic precautions, CSEA was given by different anaesthesiologist with experience ranging from 2-30 years using midline approach and needle through needle technique (27/18 G CSEA set).
In Control group ("A"), the epidural component of CSEA was given by conventional blind technique i.e., anatomical surface landmark guided technique. The level of intervertebral spaces was based on the Tuffier's line and confirmation of epidural space was done by loss of resistance (LOR) to air.
In ultrasound group ("B"), detailed preprocedural lumbar ultrasound scan was done using a 2-5 MHz curvilinear ultrasound (FUJIFILM SonoSite, USA) by the principal investigator. The level of intervertebral space and needle insertion site was marked. The depth of epidural space was measured.
The following are the steps of lumbar ultrasound scan: The intervertebral spaces L4-L5/L3-L4/L2-L3 were marked by "counting up method" along with measurement of depth of epidural space in median longitudinal view. Then, the transducer was moved 90° to obtain the transverse position. The probe was inclined slightly in a cephalad or a caudal direction to obtain a better image of the epidural space. The best intervertebral space was identified based on visualisation of anterior and posterior complexes and marked with skin marker. Then, after freezing the image, the depth of the epidural space was measured with the help of an electronic caliper of ultrasound machine from the skin point to the midpoint surface of the posterior complex seen. With the transducer on the same position, the midpoint of horizontal i.e upper and lower surfaces and lateral i.e. left and right surfaces of the probe were marked by a skin marker. Two lines were drawn joining the respective marks. The needle insertion site was determined by the intersection of both the lines [ Figure 2 ].
In Ultrasound group ("B"), the epidural component of CSEA was performed at previously marked needle insertion site with a predetermined depth of epidural space measured by ultrasound. To confirm the epidural space, LOR to air was started at 0.5 cm less than the predetermined epidural depth till the epidural space was encountered. The needle was marked close to the skin with the marker to measure the depth of epidural space.
In both the groups ("A" and "B"), the spinal anaesthesia was given through Tuohy's needle using the spinal needle of the CSEA 27/18 G set and 2.5 ml (12.5 mg) of 0.5% Bupivacaine (heavy) was administered. The epidural catheter was inserted in the epidural space and aspirated for blood or cerebrospinal fluid. In case of negative aspiration, the epidural catheter was flushed with normal saline and fixed at a depth equal to the depth of epidural space plus 5 cm. In case of positive aspiration, the catheter was repositioned or the procedure was performed again.
The operator was given the discretion to use a 16 gauge Tuohy's needle for the initial attempt, to make subsequent changes in the needle, length of needle or to attempt a different lumbar intervertebral space, if deemed necessary. If epidural anaesthesia was unsuccessful after two or more needle insertion attempts, the operator was allowed to use other means to locate a lumbar interlaminar space, including a para median needle approach or a second anaesthesiologist was called in.
In both the groups ("A" and "B"), intraoperatively, after negative test dose, infusion Bupivacaine 0.5% via the epidural catheter at the rate of 5 ml/hour-8 ml/hour was initiated after 90 minutes of initiation of spinal anaesthesia and was stopped with the completion of the surgery. During the postoperative period, when the patient moved his/her toes, epidural analgesia was started with infusion Bupivacaine Technical difficulty was measured by the number of puncture attempts required for successful catheterisation as compared to the time taken for the procedure. Multiple attempts is an independent predictor of procedural complications compared to time taken for the procedure which is heterogenous. [6] In both the groups ("A" and "B"), number of puncture attempts, passes and number of anaesthesiologist required for successful catheterisation were noted. The number of puncture attempts was defined as needle insertion preceded by complete withdrawal of the Tuohy's needle from the patient's skin and puncture passes was defined either as needle insertion or redirection attempt. A needle redirection attempt was defined as any change in needle insertion trajectory that did not involve complete withdrawal of the needle from the patient's skin. In Ultrasound group ("B"), epidural depth measured by ultrasound and LOR technique were also noted.
The pain was assessed by the anaesthesiologist blinded to group allocation using 11 point Visual Analogue Scale (VAS) after 10, 20 and 30 minutes of initiation of epidural catheter infusion postoperatively. Patient satisfaction score was noticed after 3 h 30 min, 4 h, 4 h 30 min and 5 h from insertion of the epidural catheterisation on a 5-point scale (5-excellent, 4 -very good, 3-good, 2-fair, 1-poor) so that till then spinal anaesthesia effect weans off. [7] To maintain uniformity, efficacy of the epidural component of CSEA was determined by pain relief after 30 minutes of initiation of epidural infusion postoperatively and patient satisfaction after 5 hours of epidural catheterisation.
Complications like inadvertent dural puncture by Tuohy's needle, multiple needle attempts and failed block were recorded in both the groups. A failed epidural block was defined as a block providing inadequate analgesia (VAS ≥4) despite two boluses of 10 ml of 0.5% Bupivacaine at 15 minutes interval and one bolus of 5 ml of 2% lignocaine. Multiple needle attempts and passes were defined as needle insertion attempts and passes exceeding two and four respectively for the successful catheterisation.
In both the groups, the primary outcome of interest was rate of successful epidural block on the 1 st needle insertion attempt. The secondary outcomes included number of needle insertion attempts, the needle passes required for successful epidural block, correlation of the depth of the epidural space measured with an Ultrasound and LOR technique, efficacy of epidural component of CSEA measured by VAS, patient satisfaction score and safety in terms of number of complications like inadvertent dural puncture by Tuohy's needle and failed block.
Taking number of insertion attempts in the ultrasound group and control group as primary outcome from the study by MC Vallejo et al. and power of 80% at 5% significance level with mean difference of 0.5, the sample size came to 98 in each group. [8] It was therefore proposed to cover at least 100 cases in each group during the study period so that this power was achieved.
Statistical testing was conducted with the Statistical Package for the Social Science (SPSS software Version 20.0). Quantitative and qualitative variables were presented as mean ± SD, frequencies and percentages respectively. Statistical testing for qualitative and quantitative data was done by chi square test and student t test, respectively. In data where the cell frequency was extremely small (less than 5) like in a failed epidural block, Fisher exact test was used. Bland-Altman method analysis was done to find the agreement between the depth of epidural space measured by ultrasound and LOR technique. In addition, we estimated the 95% limit of agreement for the differences, which represent differences likely to arise between the two measures with a 95% probability. The Pearson's correlation coefficient was also used to determine the degree of agreement between epidural depth measured by Ultrasound and LOR technique. For all the statistical tests, the 2 tailed P value was calculated and P value less than 0.05 was considered as significant difference.
RESULTS
210 patients were randomised in two groups. Both the groups were comparable in physical characteristics [ Table 1 ]. They were compared in terms of technical difficulty, efficacy, patient comfort and safety [ Table 2 and Figure 3 ]. Preprocedural use of ultrasound increased the success rate of CSEA at first attempt from 74.28% in group "A" to 85.71% in group "B". (P value -0.034) Fewer needle attempts (P value -0.013) and passes (0.022) were required in group "B" as compared to group "A" for placement of epidural catheter. In ultrasound group, successful needle insertions at predetermined puncture site identified using ultrasound scan was in 97.14% patients. Ultrasound precisely determined the depth of epidural space using two views (P-0.66). Bland altman analysis revealed mean difference of 0.007 cm [-0.044,0.030].Using both views, Pearson coefficient increased from 88.9% in median longitudinal view or 94.9% in transverse view to 97.6% in both views [ Figure 4 ]. In group "A", 8 patients (7.61%) of 105 patients had procedural complications as compared to zero patients in group "B". (P value -0.003) In group "A", 6 patients (5.71%) (P value -0.013) had accidental dural puncture and 2 patients (1.9%) (P value -0.498) had failed epidural block as compared to group "B".
Patient satisfaction score after 5 hours of epidural catheter insertion was significantly higher in group "B". (P value -0.019) Although there was no significant difference in VAS score measured after 30 minutes of initiation of epidural infusion postoperatively in both the groups (P value -0.157) except two patients (1.90%) had VAS >5 in group "A". 
DISCUSSION
For decades, anaesthesiologists have striven to perfect identification and cannulation of the epidural space using skills learned, i.e. knowledge of the relevant anatomy and detection of tactile clues during training and early clinical practice. This randomised controlled trial was done to compare CSEA after preprocedural ultrasound scan or by blind conventional technique. It showed statistically significant improvement in the first attempt success rate of epidural catheterisation in ultrasound group ("B") to 85.7% as compared to 74.3% in control group ("A") (P -0.038) and other studies. [5, [9] [10] [11] [12] Similar to Nasser et al., Vallejo et al., Grau et al. and others, preprocedural use of ultrasound scan decreased the technical difficulty and increased the ease of performance in patients with difficult and osteophytic spine as compared to blind conventional technique. [5, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] Similar to Grau et al., preprocedural use of ultrasound, also significantly reduced the total number of passes (P-0.022) and attempts (P-0.013) in the ultrasound group ("B") [ Table 2 ]. [13, 14] The discrepancy in result of success rate at 1 st pass (P-0.095) as compared to others could be due to the fact that the insertion angle of the needle was not measured in our study. [9, 10, 15] In our study, the successful insertion rate at a predetermined puncture site by ultrasound scan was in 97.1% cases whereas in 3 cases (2.9%), a second anaesthesiologist with more experience had to intervene. This is in contrast to Wang Q et al. and Pablo et al. with 100% successful insertion rate at a predetermined puncture site. [12, 16] This can occur because of inaccuracy due to change of position at the time of skin markings by ultrasound and needle placement. Other causes include patient profile, misidentification of midline, movement of the skin and subcutaneous tissue during probe placement due to loose and elastic skin of the patients. Therefore, meticulous care during skin markings with the help of an ultrasound is important as it can otherwise, lead to multiple attempts and an unsuccessful block.
Our study also demonstrated that the preprocedural use of ultrasound significantly decreases the multiple attempts (P -0.030) and number of anaesthesiologist (P -0.044) required in obese patients with osteophytic spine. Hence, preprocedural ultrasound use can decrease the learning curve of residents and improves patient safety as demonstrated by Vallejo and Grau et al. [8, 18] Use of preprocedural lumbar ultrasound scan improved the efficacy, patient comfort and safety of CSEA significantly by higher patient satisfaction score (P-0.019) and decreased procedural complications (P-0.003) like inadvertent dural puncture (0.013) and failed epidural block (P-0.498) respectively.
Previous evidence has suggested that ultrasound can accurately measure the depth of the epidural space prior to the procedure. [8, 10, 15, 19, 20] This is of valuable importance as this helps in identification of epidural space, selection of needle of appropriate length and may prevent inadvertent dural puncture [ Figure 5 ].
In our study, the epidural depth was measured from skin to the midpoint of the posterior complex in both median longitudinal and transverse view. This is in contrast to others who either measured the distance from skin to ventral or dorsal surface of ligamentum -dura complex in transverse view or lamina in sagittal view or both. [8, 10, 15, 19, 20] Ultrasound precisely determined the depth of the epidural space with mean difference of 0.007 cm (Bland altman analysis) using both views (P -0.66) [ Figure 4 ].
Slight difference in epidural depth by both methods could be due to different trajectories of the ultrasound beam while marking the needle insertion and Tuohy's The estimation of epidural depth measured by preprocedural ultrasound scan, also increases safety outcomes by decreasing procedural complication like accidental dural puncture (P-0.013). Our results are comparable with previous evidence presented on safety outcomes of ultrasound in Nassar et al. and NICE UK guidelines. [5, 21] In our study, the incidence of accidental dural puncture (5.7%) in these patients with blind conventional technique was also comparable with the incidence reported in obstetric population. [3] Ultrasound is of great help in neuraxial procedures, especially in patients with challenging anatomy [ Figure 5 ]. In scoliosis, it helps to determine the most neutral space and its orientation. It also helps to determine the midline by identifying spinous processes in median longitudinal view and needle insertion site. Ultrasound has been shown to be more accurate in the identification of intervertebral level than clinical assessment. [22] [23] [24] In our study, we identified the intervertebral level by counting the spinous processes upward from sacrum in the median longitudinal view in ultrasound group. This is in contrast to counting up method of lamina in Para Saggital Oblique view as described by Ki chin et al. and Srinivasan et al. [19, 25] To reduce the errors due to misidentification of lumbosacral junction, "counting down method" was also used. [19] To the best of our knowledge, this is the first randomised controlled study to compare preprocedural ultrasound scan to blind conventional technique for epidural catheterisation in the patients with osteophytic spine undergoing joint replacement surgeries.
Ultrasound is a noninvasive, safe, easily accessible and portable machine. It can unblind the spinal structures and give crucial information on the structure of the spine in different planes. Although, detailed training, efficiency and technical difficulty limit its use for neuraxial blockade. [26] Therefore, educational and learning strategies should be followed to attain this useful skill. In our study, before enrolling the subjects, 40 pilot cases were done after reviewing reference articles and hands on practice on human volunteers as suggested by Halpern et al. and Margarido et al. [27] [28] Ghosh et al. has recommended learning strategies for neuraxial ultrasound scan. [29] Limitation of the study includes non-blinding of the subjects and observer as it was infeasible. The power of the study and the magnitude of observed difference will eliminate the risk of therapeutic personality bias or expectation bias. Other parameters like trajectory of the probe used for guiding trajectory of the needle while insertion, time taken for the duration of the procedure and efficacy of different USG view and CSEA approaches were also not studied.
CONCLUSION
Use of preprocedural ultrasound scan significantly increases the success rate of epidural cathterisation at first attempt in patients with difficult spine.
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